Genotype x environment interactions have been analysed for grain yield in parental and successive generations derived from crosses between them in spring wheat (Triticum aestivum L.em Thell.). Six parental lines were chosen for these crosses on the basis of their known linear regression on the additive environmental means, deviations from linearity and mean performance. Six crosses, two low x low, two low x high and two high x high were set up on the basis of the linear sensitivity of the parental lines to the additive environmental variation and F2, F3 and F4 generations derived from each of them. Both the linear and non-linear components of the genotype x environment interaction of the advanced generation of each cross were clearly related to the corresponding components of their parents. There was also clear evidence for the segregation of genes controlling these two components of the interaction in the F3 and F4 generations of the crosses between parents contrasting for these properties but not in the F3 and F4 generations of the crosses between parents which were similar for these properties.
INTRODUCTION
IN order to obtain unbiased estimates of the genetical components of variation it is essential to be able to detect genotype x environment interactions and to estimate their magnitude. This interaction can be detected and quantified by a purely statistical approach (Yates and Cochran, 1938; Finlay and Wilkinson, 1963; Eberhart and Russell, 1966) or by a biometrical genetical approach (Mather and Jones, 1958; Jinks and Stevens, 1959; Bucio-Alanis, 1966; Bucio-Alanis and Hill, 1966; Perkins and Jinks, 1 968a and b; Bucio Alanis, Perkins and Jinks, 1969) . In the Eberhart and Russell (1966) approach the interaction of genotype with environment is a function of the linear response of the genotype to the additive environment and any remaining interaction is due to deviations from this linear regression slope. They defined both these linear (fl) and non-linear (i2) components as stability parameters. Perkins and Jinks (1968a and b) , Bucio-Alanis, Perkins and Jinks (1969) and Paroda and Hayes (1971) observed that both of these components are subject to genetical control and are at least in part subject to different genetic systems. Our knowledge of the inheritance of these components is as yet limited to investigations with Xicotiana rustica reported by Bucio Alanis, Perkins and Jinks (1969) . These authors showed that it was possible to accurately predict the linear function ) of advanced generations of a cross between pairs of pure breadng lines from those observed in the parental and F1 generations. This they achieved by partitioning the geno-163 type x environmental interactions into those involving additive effects of the genes and those involving dominance effects.
In the present paper we shall examine further the transmission of known degrees of linear and non-linear functions of the genotype x environment interactions among parental lines to the advanced generations derived from crosses among them.
MATERIALS AND METHODS
The six wheat (Triticum aestivum L. em Thell.) genotypes listed in table 1 were selected on the basis of their known performance for grain yield and the linear and non-linear components of their genotype x environment interactions. These are summarised in table 2. On the basis of these properties six crosses were made. Two of these crosses (C 306 x Turkey 1316 and U.S.A. 252 x Turkey 1316) are between pairs of parents with low sensitivities to the environment, i.e. low x low; two, Hornblende x Turkey 1316 and Two experiments were grown. The first consisted of duplicate rows of the parents, 10 F2 rows and 50 F3 progenies each derived from a single randomly chosen F2 parent for each of the six crosses. These were grown in each of four environments, three were sowings made at the normal time at Ludhiana, Abohan and Gurdaspur and the fourth was a late sowing at Both the first and the second experiment were replicated three times in a compact family block design where the crosses were first randomised and then progenies within crosses were randomised. Grain yield in gm were recorded on eight plants chosen at random from each row and yield was expressed on a per plant basis before analysis. An estimate of the additive environmental component of variation (e1) was obtained separately for each of the parental, F2, F3 and F4 generations as the mean of that generation in each environment. For the parental F2 and F3 generations the same set of environments were used leading to very similar e5 values for the different generations. For the F4 different environments were used but these generated a similar range of evalues. These e5 components (tables 3 and 4) have been used to carry out the regression analysis on each generation separately. the low and high groups (item 8, table 6). There are also significant nonlinear components of the genotype x environment interactions within both groups of parents that are more marked for the high than for the low group.
(ii) F2 The corresponding analysis of the F2's of the six crosses is given in table 7. On the basis of the parental properties the six crosses have been partitioned into three comparisons by the joint regression analysis by grouping the two crosses between a pair of low parents, the two crosses between a high and a low parent and the two crosses between a pair of high parents. Within each of these three sets of two crosses there are no significant differences between the linear regressions (items 4, 6 and 8, table 7) but there are very highly significant differences between the three sets (item 10, table 7). There are again significant non-linear components of the interactions within all three sets and these are once more larger for the crosses involving high parents.
(iii) F3 and F4
In the F3 and F4 the partitioning of the genotype x environment interactions in the six crosses by the joint regression technique (Table 8) has been pushed even further by considering the 50 families of each cross separately. For each of the six crosses we have, therefore, a heterogeneity of linear regression sum of squares comparing the linear components of the 50 families and a remainder sum of squares testing the non-linear components. The pattern is quite clear and consistent. There are significant differences among the 50 families for their linear sensitivity to the environment within both the F3 and F4 generations only for those crosses where the parents differed in their sensitivities, one being high the other low. Where both parents were low, or both parents were high, all 50 families are homogeneous in their linear sensitivities in one or both generations. Furthermore, while the non-linear components do not conform to such a clearly predictable pattern, the only non-linear component that is highly significant in both the F3 and F4 is the one involving two parents both of which have high non-linear components. Item used as denominator in the variance ratio.
Indeed, the only F4's showing a significant non-linear component had as one parent Hornblende which was the parent with the largest non-linear component (table 5) .
Estimates of the three components d, /3 and for each cross in the F2, F3 and F4 generations are summarised in table 9. These estimates leave no doubt that the differences in yield and in linear and non-linear environmental sensitivities among the six parents is consistently reflected in the properties of the advanced generations of the six crosses among them. It is also apparent that the negative correlation between mean performance (d1) and linear sensitivity (p1) shown by the parental lines ( Jinks, 1968a and b; Perkins, 1970; Paroda and Hayes, 1971) and in one instance the F2 and first backcross generations (Bucio Alanis, Perkins and Jinks, 1969) have shown that mean performance and linear and non-linear sensitivity to the environment are controlled at least in part by different genetical systems and that mean performance and linear sensitivity can be successfully predicted from one generation to another of the same cross. In the present investigation we have extended these findings to the F3 and F4 generations of six crosses which were chosen to contrast in their performances and in their linear and non-linear sensitivities.
Where both parents of the cross had either a high or a low linear sensitivity to the environment there was little evidence of segregation for differences in linear sensitivity among the F3 and F4 families from the same cross (figs. I and 2, axb, cxb, dxe,fxe). Furthermore, the average linear sensitivity of the F3 and F4 families corresponded completely with that of their parents. Only where the parents of a cross differed in sensitivity, one being high and the other low, was there clear evidence of segregation for differences in linear sensitivity, among the families of the F3 and F4 from the same cross (figs. 1 and 2, e x b and a x e). Furthermore, this segregation was symmetrical around a mean value that corresponds with the mean of the parents of each cross. In respect of their relative performances and relative linear and nonlinear sensitivities to the environment, as well as in their patterns of segregation for sensitivity, the properties of the advanced generation of the six crosses are as expected from the corresponding properties of their parents. All aspects are clearly under genetical control and can, therefore, be selected for in crosses initiated from appropriately chosen parents. 
